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(57)Abstract: 

PURPOSE: To reduce the generation of engine noise 
in a low to muddle load area, to reduce the 
generation of smoke in a high load area, and to 
improve an output by a method wherein a pilot 
injection is effected before main injection is effected 
on the low to middle load area, and meanwhile, the 
injection timing of an auxiliary injection nozzle is 
controlled so that auxiliary injection 18 overlapped 
with main injection in a high load area. 
CONSTITUTION: A main injection nozzle 13 and an 
auxiliary injection nozzle 14 are arranged in such a 
manner that the nozzle holes thereof front on a 
combustion chamber. The injection nozzles 13 and 
14 are connected through a piping to fuel injection 

pumps 17 and 18 for main injection and auxiliary injection, which are controlled by a 
control unit 19. In control of injection of fuel, an ignition delay timing calculated from a 
cylinder internal pressure measured by a pressure sensor 20 is compared with a given 
reference value. When the ignition delay timing exceeds a reference value, correction is 
made in such a manner that the injection timing of the auxiliary injection nozzle 14 Is 
advanced and when it is below the reference value, correction is made in such a manner 
that an injection timing is delayed. This constitution effects pilot Injection in a low to middle 
load area through the auxiliary injection nozzle 14 before main injection and the generation 
of combustion noise is reduced. 
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JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The main-injection nozzle which performs the main injection in a direct fuel-injection 
diesel engine. The subinjection nozzle which performs subinjection with few fuels than the main 
injection, and a means to detect an engine service condition, A means to control the injection timing 
of a main-injection nozzle based on an engine service condition. The fuel injection equipment of the 
diesel power plant characterized by establishing a means to control the injection timing of a 
subinjection nozzle so that subinjection laps with a heavy load region at the main injection while 
performing pilot injection in the low Naka load region in front of the main injection, 
[Claim 2] The injection timing control means of said subinjection nozzle is a fuel injection 
equipment of a diesel power plant according to claim 1 controlled so that subinjection laps with the 
main injection as it becomes a heavy load region while performing pilot injection in a low Naka load 
region in front of the main injection. 

[Claim 3] It is the fuel injection equipment of the diesel power plant characterized by establishing an 
amendment means to advance injection timing of a subinjection nozzle when an ignition-delay 
period is beyond a predetermined value, an operation means to calculate the ignition-delay period of 
a fuel based on detection of the sensor for detecting ignition of a fuel, and this sensor in the fuel 
injection equipment of a diesel power plant according to claim 1, and, and to delay the injection 
timing of a subinjection nozzle when an ignition-delay period is shorter than a predetermined value. 
[Claim 4] The fixel injection equipment of a diesel power plant [ equipped with the fuel injection 
pimip for main injection, and the fuel injection pump for subinjection ] according to claim 1. 
[Claim 5] Said sensor is the fuel injection equipment of the diesel power plant according to claim 3 
which is the sensor which detects cylinder internal pressure. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be trarislated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fuel injection equipment of a diesel power plant. 

[0002] 

[Description of the Prior Art] A fuel is injected in a direct fuel-injection diesel engine by the 
combustion chamber 2 established in the top face of a piston 3 from the fiiel injection nozzle 1 like 
drawing 6 . 

[0003] There are what has an ordinary injection pattern (it has expressed typically) like drawing 7 as 
this fuel injection nozzle 1, a thing which performs the so-called pilot injection which is made to 
carry out the lift of the needle gradually with fuel pressure, and lowers an early injection rate 
(reference, such as JP,4-2841 1 8,A). 
[0004] 

[Problem(s) to be Solved by the Invention] However, in case of the thing of an injection-rate 

property like drawing 7 , since the fuel injected during the ignition-delay period by an ignition-delay 

period becoming long bums rapidly, a firing pressure starts rapidly in a low load region from an 

inside load region, and, for this reason, the radiation sound from an engine is loud in it. 

[0005] On the other hand, although the radiation sound from the rapid engine of a firing pressure 

twisted for starting can be reduced since the fuel with which what performs pilot injection is injected 

during an ignition-delay period is pressed down, the fuel injection period of a fuel becomes long at 

the time of the part heavy load. For this reason, it is easy to generate a smoke. 

[0006] This invention aims at offering the fuel injection equipment which can solve such a trouble. 

[0007] 

[Means for Solving the Problem] The 1st invention is set to a direct fuel-injection diesel engine, as 
shown in drawing 8 . The main-injection nozzle 100 which performs the main injection, and the 
subinjection nozzle 101 which performs subinjection with few fuels than the main injection, A 
means 102 to detect an engine service condition, and a means 103 to control the injection timing of 
the main-injection nozzle 100 based on an engine service condition. While performing pilot injection 
in a low Naka load region in front of the main injection, a means 104 to control the injection timing 
of the subinjection nozzle 101 so that subinjection laps with a heavy load region at the main injection 
is established. 

[0008] In the 1st invention, while performing pilot injection in a low Naka load region in front of the 
main injection, the 2nd invention controls the injection timing control means of said subinjection 
nozzle so that subinjection laps with the main injection, as it becomes a heavy load region. 
[0009] The 3rd invention advances injection timing of a subinjection nozzle, when an ignition-delay 
period is beyond a predetermined value, an operation means to calculate the ignition-delay period of 
a fuel based on detection of the sensor for detecting ignition of a fuel, and this sensor in the 1st 
invention, and, and when an ignition-delay period is shorter than a predetermined value, an 
amendment means to delay the injection timing of a subinjection nozzle is established. 
[0010] The 4th invention is equipped with the fiiel injection pump for main injection, and the fuel 
injection pump for subinjection in the 1st invention. 

[001 1] In the 3rd invention, said sensor of the 5th invention is a sensor which detects cylinder 
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internal pressure. 
[0012] 



[Function] In the 1st invention, since subinjection is repeated to the main injection in a heavy load 
region while the radiation sound from the rapid engine of a firing pressure twisted for starting is 
reduced, since pilot injection is performed in a low Naka load region, a fuel injection period becomes 
short and generating of a smoke is reduced. 

[0013] In the 2nd invention, since subinjection is repeated to the main injection as it becomes a 
heavy load region in this case, generating of a smoke is reduced more. 

[0014] In the 3rd invention, in the 1st invention, since an ignition-delay period is computed, injection 
timing of a subinjection nozzle is advanced when an ignition-delay period is beyond a predetermined 
value, and the injection timing of a subinjection nozzle is delayed when an ignition-delay period is 
shorter than a predetermined value, the optimal injection timing is obtained. 
[0015] The injection timing of a main-injection nozzle is controlled by the fuel injection pump for 
main injection, and the injection timing of a j;ubinjection nozzle is independently controlled by 4th 
invention by the fuel injection pump for subinjection. 

[0016] In the 5th invention, when cylinder intemal pressure becomes after injection initiation of a 

fuel beyond a predetermined value, ignition is detected. 

[0017] 

[Example] Hereafter, the example of this invention is explained based on a drawing. 

[0018] As for an engine and 11, like drawing 1 and drawing 2 , 10 is [ an inhalation-of-air patii and 

12 ] flueways. 

[0019] The subinjection nozzle 14 which performs subinjection with few fuels than the main- 
injection nozzle 13 and main injection which perform the main injection is arranged so that a nozzle 
hole may attend the combustion chamber 16 of the top face of a piston 15. 
[0020] A fuel is fed by the main-injection nozzle 13 from the fuel injection pump 17 for main 
injection of predetermined capacity, and a fuel is fed by the subinjection nozzle 14 from the fuel 
injection pump 1 8 for subinjection with a capacity smaller than this. 

[0021] As for the fuel injection pump 17 for main injection, and the fuel injection pump 18 for 
subinjection, fuel injection timing (feeding stage) and fuel oil consumption are controlled by the 
control signal from a control unit 19, respectively. 

[0022] The subinjection nozzle 14 has a diameter of a nozzle hole smaller than the main-injection 
nozzle 13, and the angle of spray is formed widely. 

[0023] The attachment section to the cylinder head of the main-injection nozzle 13 is equipped with 
the pressure sensor 20 which detects cylinder intemal pressure. 

[0024] The crank angle sensor 21 which detects an engine rotational speed and a crank angle, the 
accelerator opening sensor 22 which detects the opening (engine load) of an accelerator, the coolant 
temperature sensor 23 which detects engine cooling water temperature, the signal from fuel 
temperature sensor 24 grade which detects the temperature of a fuel, and the signal from a pressure 
sensor 20 are inputted into a control unit 19. 

[0025] Based on these signals, the fuel injection timing of the fuel injection pump 17 for main 
injection and the fuel injection pump 18 for subinjection and fuel oil consvunption, i.e., the fuel- 
injection timing of the main-injection nozzle 13, fuel oil consumption and the fuel-injection timing 
of the subinjection nozzle 14, and fuel oil consumption, are controlled by the control unit 19. 
[0026] In addition, the EGR path where 25 recycles a part of exhaust air in an inhalation-of-air 
system, and 26 are EGR valves. 

[0027] Next, the contents of control by the control unit 19 are explained based on the flow chart of 
drawing 3 . 

[0028] At step 1, an engine rotational speed, a crank angle, accelerator opening, cooling water 
temperature, arid a ftiel temperature are read. 

[0029] At step 2, the fundamental injection timing of the main-injection nozzle 13 and the 
fundamental injection timing of the subinjection nozzle 14 are read from a predetermined map based 
on an engine rotational speed and accelerator opening. 

[0030] The injection timing of this main-injection nozzle 13 corrects increase in quantity etc. 
according to cooling water temperature and a fuel temperature. The injection timing of tfie 
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subinjection nozzle 14 is set up so that it may lap with a low Naka load region at the predetermined 
stage in front of the injection timing of the main-injection nozzle 13 and it may lap with a heavy load 
region at the injection timing of the main-injection nozzle 13. 

[0031] In this case, you may set up so that the injection timing of the subinjection nozzle 14 may lap 
with the injection timing of the main-injection nozzle 13, as it becomes a heavy load region. 
[0032] In addition, the fuel oil consumption of the main-injection nozzle 13 and the subinjection 
nozzle 14 is set up based on an engine rotational speed, accelerator opening, cooling water 
temperature, and a fuel temperature. 

[0033] At step 3, the predetermined reference value of an ignition-delay period is read based on fuel 
oil consumption, an engine rotational speed, cooling water temperature, a fuel temperature, etc. 
[0034] On the other hand, at steps 21 and 22, cylinder internal pressure is measured from a pressure 
sensor 20, and an ignition-delay period is computed from cyUnder internal pressure. 
[0035] This takes the difference of the measured cylinder internal pressure and the cylinder intemal 
pressure at the time of motoring without combustion (it has memorized beforehand), judges with 
having lit, when the difference became more than constant value, and makes the difference of the 
stage and injection timing of the main-injection nozzle 13 the ignition-delay period. 
[0036] And at step 4, as compared with said predetermined reference value, at the time beyond a 
reference value, the computed ignition-delay period is amended so that injection timing of the 
subinjection nozzle 14 may be advanced at step 5, and when shorter than a reference value, it 
amends so that the injection timing of the subinjection nozzle 14 may be delayed at step 6. . 
[0037] At steps 7-10, when the upper limit and minimimi of the gap with the injection timing of the 
main-injection nozzle 13 of the injection timing of the subinjection nozzle 14 are defined and a upper 
limit is exceeded, the injection timing of the subinjection nozzle 14 is set as a upper limit, and when 
a lower limit is exceeded, the injection timing of the subinjection nozzle 14 is set as a lower limit. 
[0038] At step 11, injection of the main-injection nozzle 13 and the subinjection nozzle 14 is 
performed. 

[0039] Pilot injection by the subinjection nozzle 14 is performed before the main injection by the 
main-injection nozzle 13 like drawin g 4 R> 4 (the injection pattern is expressed typically) in a low 
Naka load region for such a configuration. 

[0040] For this reason, the rapid standup of a firing pressure is controlled and the combustion noise 

(radiation sound) of the engine of a low Naka load region is reduced. 

[0041] Moreover, it is controlled by the heavy load region so that the subinjection by the 

subinjection nozzle 14 laps with the main injection by the main-injection nozzle 13. 

[0042] For this reason, the fiiel injection period of a fuel becomes short, a smoke is reduced, and an 

engine output improves. 

[0043] In addition, if it is made for the subinjection by the subinjection nozzle 14 to lap with the 
main injection by the main-injection nozzle 13 as it becomes a heavy load region, a smoke will be 
reduced more. 

[0044] On the other hand, since subinjection is advanced, and it amends so that subinjection may be 
delayed when shorter than a predetermined value when the ignition-delay period computed based on 
cylinder intemal pressure is beyond a predetermined value, the combustion noise of the engine of a 
low Naka load region is reduced more exactly, and a smoke is reduced further in a heavy load 
region. 

[0045] Moreover, thereby, in a heavy load region, since subinjection is performed to initiation and 
coincidence of the main injection Uke drawing 5 (the injection pattem is expressed typically), 
therefore it becomes a high injection rate, an engine output fully improves. 

[0046] In addition, the subinjection nozzle 14 has a small diameter of a nozzle hole, since the angle 
of spray is large, subinjection serves as small spraying and good ignitionabiUty is acquired. 
[0047] In addition, you may make it compute an ignition-delay period by using an ignition sensor 
instead of a pressure sensor 20. 
[0048] 

[Effect of the Invention] According to the 1st invention, it sets to a direct fuel-injection diesel engine 
as mentioned above. The main-injection nozzle which performs the main injection, and the 
subinjection nozzle which performs subinjection with few fuels than the main injection, A means to 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/15/2005 



• JP,08-246935,A [DETAILED DESCRIPTION] 



Page 4 of 4 



detect an engine service condition, and a means to control the injection timing of a main-injection 
nozzle based on an engine service condition. Since a means to control the injection timing of a 
subinjection nozzle was established so that subinjection might lap with a heavy load region at the 
main injection while performing pilot injection in the low Naka load region in front of the main 
injection While being able to reduce a combustion noise in the long low Naka load region of an 
ignition-delay period, a fuel injection period is shortened in a heavy load region, and improvement in 
an output and reduction of a smoke can be aimed at. 

[0049] According to the 2nd invention, since the injection timing control means of said subinjection 
nozzle is controlled so that subinjection laps with the main injection as it becomes a heavy load 
region while it performs pilot injection in a low Naka load region in front of the main injection, a 
smoke is reduced more. 

[0050] An operation means to calculate the ignition-delay period of a fuel based on detection of the 
sensor for detecting ignition of a fuel, and this sensor according to the 3rd invention. Since injection 
timing of a subinjection nozzle was advanced, and an amendment means to delay the injection 
timing of a subinjection nozzle was established when an ignition-delay period was shorter than a 
predetermined value when an ignition-delay period was beyond a predetermined value While being 
able to reduce a combustion noise more exactly in a low Naka load region, an output can be 
improved more in a heavy load region, and a smoke can be reduced further. 
[0051] According to the 4th invention, since it has a fuel injection pump for main injection, and a 
fuel injection pump for subinjection, the injection timing of a main-injection nozzle and the injection 
timing of a subinjection nozzle are easily controllable. 

[0052] According to the 5th invention, an igrjtion-delay period is exactly measurable by the sensor 
which detects cylinder intemal pressure. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of tlixs translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 8] 
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[ Drawing 3] 
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